INTRODUCTION
As a car travels forward, it is attacked by moving air particles. These air particles go over, under and around the sides of a car. The air particles on top of a car experience lower pressure and consequently with less air density while the air particles under the car are compressed and result in higher air density. The lower air pressure on the top and the higher pressure under the car cause the car to lift. The lifting forces are not distributed uniformly for every corner of a car, especially when a car makes a turn [1] [2] [3] . These uneven lifting forces limit the capability of a car to make turns at higher speed. This phenomenon is more pronounced in racing cars than average passenger cars. For example a 2700 pounds car can produce 742 lbs of lift at 124 mph which is nearly 1/4 of its weight at that speed [4] [5] . This lifting force reduces a car's capability of gripping the road and may cause stability problems [6] [7] . In this project, it is intended to measure the aerodynamic effect on a car with respect to speed changes, as it relates to weight. Several small film pressure transducers are installed between the coilover spring and spring perch of a Mazda Page 26.1694.2
Miata sports car. At rest, the pressure transducers show the weight of the car: minus the wheels, tires, control arms, brakes, shock, springs, and steering knuckles. This group of parts in the automotive world is known as unsprung weight. Transducer signals are conditioned to isolate the effect of bumps on the road, and are combined separately into two groups, one for the front and another for the rear. This set-up provides two sets of readings, for the front and the rear weight. Graphs are plotted for weight versus speed changes indicating the increase of weight caused by down force or decrease of weight due to the lift force ( Figure 9 ). The car is modified with the installation of diffusers, splitters, wings, and canards to measure lift, or down force at different speeds. Finally the car is driven on a race track; a road course featuring both left and right turns. At the race track, the car is driven a series of laps with and without aerodynamic pieces and comparisons were made between: lap times, minimum cornering speed, and maximum straight away speed. The graph of the down force vs. speed shows any gain or loss in the car performance. The purpose of this experiment is to duplicate some of the measurements that large engineering firms or automotive companies can produce in wind tunnels. There is little research or evidence of anyone trying to make these measurements on the fly in the past. The purpose of this individual measurement is to help a race team tune their car to produce the right amount of down force regardless of equal distribution of weight on front and rear, or a type of race.
THEORY OF OPERATION
The lift force can be calculated using the Bernoulli's or its derivation Euler's equations. In the calculation the effect of viscosity is assumed to be negligible, the air to be incompressible and frictionless. Furthermore, there can be no energy sources or sinks along the streamline. The Bernoulli's equation is applied along a streamline, taking the form [6] [7] : When a car turns, a force must accelerate the car towards the center of the turn.
AERODYNAMIC OVERVIEW
There are many different aerodynamic effects taking place on a car at different locations. For some locations the car is producing lift while others the car is experiencing down-force. Figure 1 , shows a Mazda Miata (the test car) and all the different forces taking place due to air speed.
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Figure-1 Test car with all different forces due to air speed
The arrows represent areas of high pressure pushing towards areas of low pressure. For example the arrow on the roof pointing up is due to the pressure under the car is higher than the pressure on the roof. The arrow pushing down on the windshield wipers is a high pressure area on top pushes the car towards the relative low pressure area under the car. The reason for modifying a car shape is to produce more downforce to increase the high-pressure on the top of the car and to increase the low pressure under the car. Race and sports cars add both front air dam as well as a splitter to achieve such a goal. An air dam (a vertical section from the further point forward on a car extending down to the road) forces most of the air hitting the car to flow over the hood as opposed to under the car. This helps creating a low pressure zone under the whole car. The splitter (A horizontal board extending forward from the bottom of the bumper or air dam) is the divider between high pressure and low pressure. The high pressure on top of the splitter pushes the splitter towards the low pressure below it. A wing which is no more than an inverted airplane wing can be installed to improve the car stability. Its shape produces high pressure on top and low pressure on bottom, which results in down force. A spoiler on the other hand, like those used in NASCAR, produces the same effects of a wing except it slows the flow of air over the trunk making a high pressure zone that pushes down towards the lower pressure under the car. Another aerodynamic element is the rear diffuser. The diffuser creates additional low pressure under the rear of the car while it helps makes a smoother transition of air flow from the body of the car to the near vacuum directly behind the car. Finally the last element added to the car is simply adding smooth underbody panels under the car to keep the air flowing fast and generating low pressure [8] [9] .
SYSTEM DESCRIPTION
The design includes 24 force sensors, 6 at each corner of the car. The front and rear 12 sensors are combined to give the user 2 readings, front and rear weight. An analog circuit is developed to process the signals, dampen noise, and average their magnitudes. The two voltage signals are recorded and graphed vs. speed.
SENSOR PLACEMENT
The sensors are placed where the sprung mass and unsprung mass meet on the car. This location is at the bottom of the Coil-over (shock and spring assembly). This configuration is shown in Figures 2 and 3 . This prelimenary design, made from sheet metal, didn't offer a flat enough mating surface. The individual output voltages between sensors were very far apart indicating uneven and non-flat rings. A set of specially made rings were machined from aluminum to meet this stringent requirement. These rings were almost perfectly flat. The rings serve as the mounting platform to insure that all the weight is transferred from the spring to the spring perch through the sensors. In Figure 4 on the left hand, the arrow points to the sensor mounting location where on the right the machined aluminum mating surfaces is shown.
Fiigure-4 An arrow on the left highlights the sensor location. On the right, top hat bolted where the sensor are making contact
TRANSDUCER SENSORS
The sensor used for this project is a Tekscan FlexiForce sensor. Tekscan provides the following definition of their product:
1. A versatile, durable Piezo resistive force sensor that can be made in a variety of shapes and sizes; a Piezo resistive sensing device in which resistance is inversely proportional to applied force;
2.
A customizable force sensor and economical force measurement tool that is easily integrated into OEM products;
3.
A patented, ultra-thin (0.008 in.), flexible printed circuit that senses contact force; a force and load sensor that is available in varying force ranges and standard models (A201, A301, A401, HT201), suiting a variety of applications for research and product development/testing
The Tekscan sensor is the A201 force sensor. The sensor offers a sensing range up to one hundred pounds with +/-3% error. It has a small sensing area of 0.375 inch diameter. This is perfect for this application. Tekscan does offer a high heat version of the product which I should be using since the A201 is only rated up to 140 degrees Fahrenheit. However, since the testing will only be done in a non-race environment the under hood temperatures should stay cool enough. Figure 5 shows the sensor. The Piezo resistive force sensor works indicating changing resistance with force. When the sensor is unloaded the resistance reads very high, about 10MΩ, and the resistance decreases with increased applied force. Figure 6 is the manufacturer's graph representing conductance with respect to force. The black line represents perfect linearity while the purple line represents the actual correlation. Figure-6 Sensor data provided by manufacturer with measured data superimposed An electronic circuit is designed to convert the resistance variation into the voltage variation. This circuit is shown in Figure 7. Preliminary testing of the 100 lbs version of the A201 shows the output is fairly linear. Figure 8 shows the test results of 6 different sensors, with each sensor having 3 different tests. All the like colors on top of each other show that the sensors are repeatable. With three separate tests, the resistance values are the same. The lines plotted are also straight showing linearity of the output with respect to force. The difference from sensor to sensor though, is something that will have to be worked around. Sensor F has nearly half the resistance at 100 lbs as sensor D has at the same weight. To overcome this difference, the electronic for each sensor is calibrated for its specified sensor using the adjustable R f potentiometer. The output voltage against weight changes is plotted and shown in Figure 9 . The measured values closely conforms to the straight line that represents the manufacturer's suggested performance curve. Figure-9 Linearity found after utilizing a basic operational amplifier circuit
SINGAL PROCESSING
Due to an always changing road conditions the voltage signals have large amounts of noise proportional to bumps on the road. The momentary shocks on individual corners could exceed thousands of pounds. In order to combat this real world occurrence, a low pass filter (LPF) has been added to dampen the noise. In Figure 10 , the R 3 and R 4 are being used as a voltage divider to represent the varying signal of the force sensors. R 2 and C 1 make up the low pass filter. The values are adjusted to tune the actual damping to the desired response when the system works on the car. Figure 10 representing the simulated response of the LPF. The Red trace represents the input voltage to the LPF while the green trace represents the damped signal.
Figure-10 A typical Low Pass filter and its output response used to reduce the noise effect due to bumps on the road 
TESTING
All circuit components are assembled on one common board and tested for each individual corner measurements.
To make sure about the functionality of each sensor, a hydraulic press is used on the mounted sensors to duplicate the actual condition during driving. This configuration is shown in Figure 13 . Page 26.1694.11
Figure-13 Coilover is fitted with sensors and mounting bracket about to be tested for functionality
After each corner was tested for functionality, the design was ready to be applied to the car. The sensors were mounted and wires were pulled from the passenger compartment to each wheel and its specific sensors with matching OpAmps electronic circuits. Most of the interior lining of the car was removed to perform wiring. Figure 14 shows the project fitted in the car.
The initial testing was done on a smooth straight road. The car was driven up to 80 mph and the voltage changes were recorded. Later, the car was put on a car scale and the applied sufficient weight on the front or back to duplicate the measured voltage values from the road test. Table 1 shows these values. 
